Bahaddin Bukcu, Murat Kemal Karacan ON THE INVOLUTE AND EVOLUTE CURVES OF THE TIMELIKE CURVE IN MINKOWSKI 3-SPACE
Abstract. In this study, we have generalized the involute and evolute curves of the timelike curve in Minkowski 3-Space. Firstly, we have shown that, the length between the timelike curve a and the spacelike curve /3 is constant. Furthermore, the Frenet-Serret frame of the involute curve (3 has been found as dependent on curvatures of the curve a. We have determined the involute curve /3 is planar in which conditions. Secondly, we have found transformation matrix between the evolute curve (5 and the curve a. Finally, we have computed the curvatures of the evolute curve ¡3.
Preliminaries
Let IR 3 = {{xi,x2,x'i)\xi, X2, x3 £ IR} be a 3-dimensional vector space, and let x = (xi,x2, £3) and y = (2/1,2/2,2/3) be two vectors in IR 3 . The
Lorentz scalar product of x and y is defined by 
We denote by {T(s),N(s),B(s)} the moving Frenet frame along the curve a(s). Then T(s),N(s)
and B(s) are tangent, the principal normal and the binormal vector of the curve a(s), respectively. Depending on the causal character of the curve a, we have the following Frenet-Serret formulas:
If a is a spacelike curve with a spacelike principal normal N;
If a is a spacelike curve with a timelike principal normal iV;
If a is a timelike curve and finally;
. If the timelike curve a is non-unit speed, then Let the Frenet-Serret frames of the curves A and ¡3 be {T , N, B } and {T*, N*, B* }, respectively. In this case, the causal characteristics of the Frenet-Serret frames of the curves A and (3 must be of the form.
{T timelike, N spacelike, B spacelike} and {T* spacelike, N* timelike, B* spacelike} . 
p(s) = a(s) + (k -s)T(s).
Proof. The curve /?(s) may be given as 
Li
Furthermore, we get
N(s).

\\P(S)\\L
\(k-s)K(s)\
Prom the last equation, we must have
T*(s) = N(S) or T*(s) = -N(s).
We assume that T*(s) = N(s). Let's denote the coordinate function on IR by x. Then, for Vs G IR, x(s) = s, we get
Thus, we have
Hence, we have
Since N* = B* A l T*, then we obtain -kT -TB N* = THEOREM 2.4. Let the curve P be involute of the the curve a. Let curvature and torsion of the curve P be k* and t* , respectively. Then 3 
.^(s) K(s).\k-s\ and
Furthermore, since
\P (s) AL P (s)
we have
Hence, we get
K(S)T'(S) -K(S)T(S) K(S) -s| (T 2 (S) -K 2 (S))
Prom the last equation, we have the following corollaries: Proof. The locus of the centre of the curvature of the curve a is
C(s) = a(s) --r^Nis).
If we take the derivative in the above equation, then we have
Therefore, the involute C of the timelike curve a is the locus of the centre of the curvature. Is the curve C planar ? If the torsion of the curve C is denoted by r*, then
T*(S) = V ) K(s)\K-s\{T 2 (s)-K 2 (s))'
If we take r = 0, then we have
Thus, the curve C is planar.
•
The evolute of the timelike curve
Definition 3.1. Let the unit speed curve a and the curve f3 with the same interval be given. For Vs G /, the tangent at the point (3{s) to the curve (3 passes through the point a(s) and
{T*(S),T(S))L
Then, (3 is called the evolute of the curve a. Let the Frenet-Serret frames of the curves a and (3 be THEOREM 3.1. Let the curve (3 be the evolute of the unit speed timelike curve a, then
f3(s) = a(s) --^N(s) + -J-r-[tan + c)] B(s), K,[S I K>[ S )
where c 6 IR and ip(s)+c = f r(s)ds. According to the definition of the evolute, since (T*(s), T(s)) = 0, from Eq. If we take the integral the last equation, we get 
If we take the derivative of Eq. (3.2), then we have p'(s) = A'(s) + X'N + X(KT + TB) + N' B(s) + H(-TN),
0(s) = a(a)
/3(s) = M(s) + -T tan [^(s) + c] B(s). k(s)
Then, we obtain an evolute curve for each c € IR. Since Since T* = ^^ , then we get Thus, the proof is completed.
• Proof. Let the evolutes of the curve a be P and 7. Let the arc-length parameters of the a,P and 7 be s, s*and s, respectively. Let the curvatures of the curves a, P and 7 be k, k* and k, respectively. And let the Frenet vectors of the curves a, p and 7 be {T, N, B} , {T*,N*, B*} and |f, N, . §}. Then 
